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® integrated circuit chip formed with a capacitor having a low voltage coefficient, and method of 
maldng such capacitor. 



@ An integratsd-circuit (10) chip formed witii a ca- 
pacitor comprising a lower layer of polysilicon clad 
(14) with a thin film of TiSia (16) serving as the lower 
plate of the capacitor, a layer of dielectric (18), a thin 
film of titanium nitride (TIN) (20) on the upper sur- 



face of the dielectric to serve as the upper plate of 
the capacitor, a second layer of polysilicon (22) 
(doped with phosphorous) over the TiN film, and 
metallization to make contact with the top plate of 
the capacitor (28). 
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This invention relates to Integrated-clrcuit (IC) 
chips including capacitor elements formed during 
the IC processing. More particularly, this Invention 
relates to IC capacitor elements having improved 
performance characteristics, particularly a low vari- 
ation In capacitance with change in applied voltage. 

Integrated circuit chips commonly are made 
with capacitor elements which are integral parts of 
the circuitry on the chip. Conventionally, such ca- 
pacitors are of the so-called "double poly" type, 
wherein both capacitor plates (upper and lower) are 
formed of polysilicon (i.e., silicon having a multiple 
crystalline structure rather than a mono-crystalline 
structure). Capacitors also have been made 
wherein the upper surface of the lower polysilicon 
layer is clad with titanium silicide (TiSia). which is a. 
conductive material capable of serving as the lower 
plate of the capacitor. It also has been proposed to 
employ the IC metallization material (typically Alu- 
minum) as the upper plate of the capacitor. 

Prior art capacitors, although commercially 
useful, have not been fully satisfactory in certain 
respects. For example, double-poly capacitors gen- 
erally have not had a sufficiently low voltage coeffi- 
cient, which represents the amount of change in 
capacitance with change in applied voltage. In- 
tegrated circuits intended for high-performance ap- 
plications, such as those involving high-resolution 
A/D and D/A converters, generally require a voltage 
coefficient less than 10 parts per million (ppm). 

In a preferred embodiment of the invention, 
described hereinbelow in detail, an IC chip Is 
formed with a capacitor of the type wherein the 
lower plate comprises a layer of polysilicon clad 
with a layer of titanium silicide (TiSi2), covered with 
the dielectric material (SiOz). The upper plate of 
this capacitor comprises a thin film of TIN formed 
on the upper surface of the dielectric. Above the 
TiN is a layer of polysilicon, doped to provide 
conductivity. Electrical connection from the upper 
capacitor plate to the overlying layer of metal- 
lization is made through the doped polysilicon. 

Both capacitor plates have high levels of free 
electron density at their surfaces, and there is 
minimal free carrier depletion (relative to poly- 
silicon). Such depletion as does occur Is more 
symmetric than when the plates are formed of 
polysilicon and silicide. 

Other objects, aspects and advantages of the 
Invention will in part be pointed out in, and in part 
apparent from, the following description considered 
together with the accompanying drawing. 

The single drawing figure illustrates the cross- 
sectional arrangement (not to scale) of an IC ca- 
pacitor formed in accordance with the invention. 

Referring now to the drawing, there is shown at 
the bottom a conventional substrate 10 of the kind 
typically employed for making an Integrated circuit. 



Ordinarily, this substrate will be silicon, doped with 
either P or N impurity. Various transistor devices 
(not shown) will be formed In other regions of this 
substrate, and are interconnected so as to make an 

5 integrated circuit having a particular functional pur- 
pose, such as converting digital signals to analog 
signals (i.e., a so-called D/A converter, or DAC). 
The processing of the substrate is carried out at 
the wafer level, although the drawing Shows only a 

70 portion of a single chip. 

Conventionally, the substrate 10 will be formed 
with field oxide 12 surrounding the regions contain- 
ing the active devices (transistors). Such a field 
oxide process may be of the kind sometimes re- 

75 ferred to as "LOCOS" ("local oxidation"), and is 
effected by thermally-growing silicon oxide (SIO2) 
on the substrate at a high temperature such as 
1000* C. 

In carrying out a preferred embodiment of this 

20 invention, a layer 14 of polysilicon (Poly 1) is 
deposited over the field oxide, as by chemical 
vapor deposition (CVD). The upper surface of the 
■ polysilicon" then is formed' "(in " accordance with 
known processes) with a thin layer 16 of titanium 

25 silicide (TiSiz) which is to serve as the lower plate 
for the capacitor. In one particular embodiment, the 
polysilicon layer 14 had a thickness of about 
3500A, and was clad by a film of TiSi2 with a 
thickness of about 1200A. The lateral dimensions 

30 of these layers 14 and 16 are fixed at prescribed 
sizes appropriate to the intended application, as by 
known etching techniques. For example, the layers 
can be separately etched, or stack-etching can be 
employed. In any event, the two layers preferably 

35 are aligned, as shown in the drawing. 

In many MOS processes, polysilicon clad with 
TiSi2 (or a similar film) is deposited to form gates 
for the MOS transistors. To make the polysilicon 
conductive, it is diffused with dopant such as phos- 

40 phorous. Commonly, long strips of such materia! 
are laid down, to serve as conductors for the elec- 
trical signals to the gates. 

In making a capacitor in accordance with the 
present invention, It is convenient to deposit the 

45 polysilicon layer 14 as part of such conventional 
processing for MOS gates, including the step of 
diffusing phosphorous dopant (or another suitable 
impurity) into the polysilicon. However, establishing 
the polysilicon as electrically conductive is not a 

50 requirement for a capacitor made In accordance 
with the present invention. 

The next step in making a capacitor in accor- 
dance with the preferred embodiment is to deposit 
a layer 18 of silicon oxide (Si02) over the TiSia film 

55 16 to serve as the dielectric for the capacitor. The 
dielectric thickness may with advantage be about 
750A. This dielectric preferably is a high quality 
oxide applied for example by chemical vapor depo- 
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sition (CVD), e.g. at a temperature of about 420* C. 
Alternatively, the capacitor dielectric may be SiOa 
deposited by plasma-enhanced chemical vapor de- 
position (PECVD), or by low pressure chemical 
vapor deposition (LPCVD). A still further alternative 
is to form the dielectric by depositing silicon nitride 
(SiaN^), or silicon nitride together with silicon oxide. 
This deposition is applied over the entire wafer. 

Thereafter, a thin (e.g. 50 to 1000A, and prefer- 
ably 400A) film of titanium is laid down over tiie 
dielectric layer 18, as by conventional sputter de- 
position. This titanium film then is reacted with 
nitrogen to form a layer 20 of titanium nitride (TiN). 
By this process, a refractory metal (titanium) is 
transformed Into a refractory compound. 

The TiN layer 20 may be formed by direct 
reaction between the titanium and an N2 or NH3 
ambient at temperatures ranging from 450* C to 
700* C. Alternatively, the TiN layer may be formed 
by reactive sputter deposition of Ti in an N2 am- 
bient. It also may be formed by sputter deposition 
from a TiN target. 

Over the layer 20 of TiN is deposited a second 
layer 22 of poiysilicon (Poly 2). This layer 22 
serves several functions. It protects the thin layer 
of TiN from subsequent iC process steps. It also 
provides conductive connection to the TiN and acts 
as an "etch stop", as will be understood from the 
following description. 

The lateral dimensions of the layer of TIN are 
set. as by known etching techniques, to establish 
an appropriate area size for the upper plate of the 
capacitor being formed. The dimensions of the 
second poiysilicon layer 22 may be set corre- 
spondingly, and the two layers aligned. The thick- 
ness of the TiN layer may be about 6O0A, and the 
poiysilicon thickness may be about 3500A. The 
poiysilicon of this layer (Poly 2) is doped In known 
manner to make It electrically conductive, as by 
diffusion of phosphorous into the poiysilicon. 

A third layer 24 of silicon oxide (SIO2) then is 
applied over the already-formed capacitor ele- 
ments, as by chemical vapor deposition. Alternative 
deposition techniques, such as described above for 
the capacitor dielectric 18, can also be used. A 
contact hole 26 is formed through this oxide 24. 
immediately above the Poly 2 layer, as by known 
etching. 

A layer 28 of metallization (typically Alumi- 
num) then Is laid down over the oxide 24. A portion 
of this metallization will extend down through the 
contact hole 26 to make electrical connection to the 
layer 22 (Poly 2). Since the poiysilicon Is conduc- 
tive, this will establish electrical connection from 
tiie metallization 28 to the layer 20 of TiN (which is 
the upper plate of the capacitor). 

Electrical connection may be made to the low- 
er capacitor plate (i.e., the layer 16 of T1SI2) by 



various known means (not shown), such as by 
extending the layer 16 laterally to a location where 
connection to It can be made through a separate 
contact hole through the oxide 24. 

5 A capacitor formed as described above has a 
number of important advantages. For example, the 
capacitor plates 16 and 20 have minimal free car- 
rier depletion (as compared to poiysilicon), due to 
near-metallic electron densities at the surfaces of 

10 the plates adjacent the dielectric 18. If some deple- 
tion does occur. It is more symmetric than would 
be the case for a polysilicon-polycide capacitor, 
i.e., a capacitor having one plate made of poiy- 
silicon and tiie other made of poiysilicon with a 

75 layer of a sllicide adjacent the dielectric. The volt- 
age coefficient of the new capacitor is signlficantiy 
improved, relative to a double-poly capacitor and 
especially a poly-polycide capacitor, for example to 
a value less than 10 parts per million/volt. 

20 Botii the layer 1 6 of TiSi2 and the layer 20 of 

TiN are metallic-like materials; that is, these materi- 
als have metal-tike concentrations of free electrons, 

— to -provide -conductivities-corresponding to metals, 
as distinguished, for example, from seml-conduc- 

25 tors. Alternative materials for the lower plate layer 
16 are considered to be C0SI2 and WSi2. Alter- 
native materials for the upper layer 20 are consid- 
ered to be TiW and W. 

The layer 20 of TiN is unaffected by the etch- 

30 ant used to make the contact hole 26. because of 
the presence of the poiysilicon layer 22; that Is. tiie 
Poly 2 layer serves as an "etch stop". TiN is a 
refractory material which can withstand refractory 
temperatures, which for purposes of tiie present 

35 invention are defined as temperatures of 900 *C 
and above. Post capacitor thermal processing at 
such temperatures can be carried out without dam- 
aging the capacitor plate. It should also be noted 
that the upper layer 22 of poiysilicon does not have 

40 to be heavily doped, so that lower-temperature 
doping cycles can be used, compatible witii mod- 
ern CMOS processing. 

Claims 

45 

1. An integrated-circuit (10) chip incorporating a 
capacitor as part of the integrated circuitry, 
said chip comprising: 

a substrate having an upper surface; 
so a tirst layer of poiysilicon above said sub- 

strate upper surface; 

a layer of a sllicide above and in contact 
with said first layer of poiysilicon to serve as 
the lower plate of the capacitor; 
55 dielectric material above and in contact 

with said siliclde layer; 

a layer of an electrically-conductive refrac- 
tory material In contact witii the upper surface 
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of said dielectric and serving as the upper 
plate of said capacitor; and 

a layer of conductively-doped polysilicon 
above and in contact with said refractory layer. 

Z An IC chip as in claim 1 , wherein said refrac- 
tory material is selected from the group of TiN, 

TiW and W. 

3. An IC chip as in claim 1 or 2, wherein said 
siliclde layer comprises material selected from 
the group of TiSia. OoSh or WSi2. 

4. In an Integrated-circuit (IC) chip Incorporating a 
capacitor element of the type comprising 
spaced-apart lower and upper layers of poly- 
silicon supported on a substrate with a dielec- 
tric therebetween, and wherein the upper sur- 
face of the lower polysilicon layer is formed 
with a thin layer of metallic-like material ca- 
pable of withstanding refractory temperatures 
and serving as the lower plate of the capacitor; 

that improvement in said capacitor ele- 
ment comprising a layer of a refractory, 
metallic-like material at the upper surface of 
said dielectric and beneath said upper layer of 
polysilicon to serve as the upper plate of said 
capacitor. 

5. An IC chip as in claim 4. wherein said upper 
layer of polysilicon is doped to provide it with 
conductivity to establish electrical connection 
from a layer of metallization through said con- 
ductive polysilicon to said metallic-like mate- 
rial. 

6. An IC chip as in claim 4 or 5. wherein said 
metallic-like material adjacent said lower poly- 
silicon layer is a siliclde compound. 

7. The method of forming a capacitor on a sub- 
strate to serve as part of an Integrated circuit, 
comprising the steps of: 

supporting a first layer of polysilicon on 
said substrate; 

forming a layer of metallic-like material on 
the upper surface of said first layer of poly- 
silicon to serve as the lower plate of the ca- 
pacitor; 

forming dielectric insulation above said 
layer of metallic-like material; 

forming a layer of a refractory, metallic-like 
material on the upper surface of said dielectric 
Insulation to serve as the upper plate of the 
capacitor; and 

forming a second layer of polysilicon 
above said metallic-like material. 



8. The method of claim 7, wherein said metallic- 
like layer is formed by: 

depositing a layer of a metallic element on 
said dielectric insulation; and 
5 directly reacting said metallic element with 

a gas to form a metallic compound. 
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